Nucleon strange $s\bar s$ asymmetry to the $\Lambda/\bar\Lambda$
  fragmentation by Chi, Yujie et al.
ar
X
iv
:1
41
2.
52
66
v1
  [
he
p-
ph
]  
17
 D
ec
 20
14
Nucleon strange ss¯ asymmetry to the Λ/Λ¯ fragmentation
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The difference between the Λ and Λ¯ longitudinal spin transfers in the semi-inclusive deep inelastic
scattering process is intensively studied. The study is performed in the current fragmentation region,
by considering the intermediate hyperon decay processes and sea quark fragmentation processes,
while the strange sea ss¯ asymmetry in the nucleon is taken into account. The calculation in the
light-cone quark-diquark model shows that the strange sea asymmetry gives a proper trend to
the difference between the Λ and Λ¯ longitudinal spin transfers. When considering the nonzero final
hadron transverse momentum, our results can explain the COMPASS data reasonably. The nonzero
final hadron transverse momentum is interpreted as a natural constraint to the final hadron z range
where the longitudinal spin transfer is more sensitive to the strange sea ss¯ asymmetry.
PACS numbers: 14.20.Jn, 13.60.Rj, 13.87.Fh, 13.88.+e
I. INTRODUCTION
The flavor structure of the nucleon sea, especially the
existence of the strange sea ss¯ asymmetry, is of great im-
portance in modern physics study. In earlier studies, it
is commonly assumed that the strange sea of the nucleon
is particle-antiparticle ss¯ symmetric, but in fact this is
manifested neither theoretically nor experimentally. In
the basis of nonfundamental symmetry violation, much
progress has been made in the study of the strange sea
ss¯ asymmetry. We divide these studies into two groups.
One is the study mainly focusing on the nonperturba-
tive process that is believed to be able to produce an
asymmetric intrinsic strange sea [1–18]. The other is the
next-to-next-to-leading order perturbative evolution pro-
cess which is pointed out to be able to cause an extrin-
sic strange sea asymmetry [18, 19]. Studies from the
nonperturbative aspect have suggested that the nuclear
strange sea ss¯ asymmetry can give a possible explana-
tion to the experimental CCFR data [20] and the NuTeV
anomaly [21]. However, there is still no obvious evidence
for the existence of the asymmetric strange nucleon sea.
The COMPASS collaboration measured the Λ and Λ¯
longitudinal spin transfers in the muon-nucleon semi-
inclusive deep inelastic scattering (SIDIS) process [22].
Their measurement shows a quite different behavior for
the Λ and Λ¯ on the x and x
F
dependences of the longi-
tudinal spin transfers. The spin transfer to Λ is small,
compatible to zero, in the entire domain of the measured
kinematic variables. In contrast, the longitudinal spin
transfer to the Λ¯ increases with x
F
reaching values of
DΛ¯LL = 0.4 ∼ 0.5. It is pointed out in the Ref. [15]
that accurate measurement of the spin transfers to the
Λ and Λ¯ in the COMPASS kinematics has the potential
to probe the intrinsic strangeness sea and their analy-
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sis mainly focuses on the target fragmentation contribu-
tion. The possibility of the strange-antistrange asymme-
try contributing to the spin transfer difference of the Λ
and Λ¯ is pointed out in Refs. [23, 24], analyzed in the
current fragmentation region.
In this paper, we provide a systematic study of the
Λ and Λ¯ longitudinal spin transfer difference in the cur-
rent fragmentation region, by considering the intermedi-
ate hyperon decay processes and sea quark fragmentation
processes, while the strange sea ss¯ asymmetry of the nu-
cleon is also taken into account in a reasonable way.
In Sec. II, we give the expression of the longitudi-
nal spin transfer in a general ℓp → ℓPhX SIDIS pro-
cess. Also, we calculate the valence quark distribution
functions (PDFs) of octet baryons and the Σ∗ hyperon
in the light-cone quark-spectator-diquark model, as they
are needed when we use the phenomenology Gribov-
Lipatov relation to obtain the quark fragmentation func-
tions (FFs). Considering the CTEQ5 parametriza-
tion [25] and the strange-antistrange asymmetry in the
baryon-meson fluctuation model [1], we present our in-
puts of the nucleon FFs and PDFs in the longitudinal
spin transfer calculation in Sec. III. In Sec. IV, we give
our results and discussions using the exact relationship of
x
F
on the y and z kinematical variable dependences. We
compare the calculated results with the COMPASS data.
Our results indicate that the Λ and Λ¯ longitudinal spin
transfer difference can be explained reasonably within
the light-cone SU(6) quark-spectator-diquark model af-
ter considering the asymmetry between the s and s¯ quark
distributions in the nucleon as well as the nonzero final
hadron transverse momentum contribution. Finally, we
give a short summary in Sec. V.
2II. THE LONGITUDINAL SPIN TRANSFER
AND THE LIGHT-CONE
QUARK-SPECTATOR-DIQUARK MODEL
We start from the collinear factorization theorem in
the SIDIS process. From the quantum chromodynamics
(QCD) factorization theorem, the high energy collision
cross section can be calculated by using the perturbation
theory complemented with the soft QCD effects embed-
ded in quark distributions and fragmentation functions,
which are universal.
The differential scattering cross section at the tree level
of a general ℓp −→ ℓPhX semi-inclusive deep inelastic
scattering process can be expressed as [26]
dσ
dxdydzd2
−→
P h⊥
=
πα2em
2Q4
y
z
LµνW
µν , (1)
where x = Q
2
2P ·q , y =
P ·q
P ·ℓ and z =
P ·Ph
P ·q are three Lorentz
invariant variables,
−→
P h⊥ is the transverse momentum of
the produced hadron in the γ∗P collinear frame. Lµν
and Wµν are leptonic and hadronic tensors respectively
and their specific forms can be referred to Ref. [26].
Then in the parton model, for a longitudinally polar-
ized charged lepton beam and an unpolarized target, if
the produced hadron is polarized, the helicity asymmetry
cross section is obtained as
A(x, y, z) =
dσ⇑ − dσ⇓
dσ⇑ + dσ⇓
=
4πα2emS
Q4
∑
a e
2
axy(1− y/2)fa(x,Q
2)∆Da(z,Q
2)
4πα2emS
Q4
∑
a e
2
ax
1+(1−y)2
2 fa(x,Q
2)Da(z,Q2)
,
(2)
where the subscripts ⇑ or ⇓ denote the helicity of the pro-
duced baryon being parallel or antiparallel to the helicity
of the initial incident beam, ea is the electric charge of
a, fa(x,Q
2) is the unpolarized parton distribution func-
tion, andDa(z,Q
2), ∆Da(z,Q
2) are the unpolarized and
polarized fragmentation function respectively, with a rep-
resenting the quark or antiquark flavors, −Q2 = −Sxy
being the squared 4-momentum transfer of the virtual
photon, and S = M2p +m
2
ℓ + 2MpEℓ being the squared
energy in the lepton-proton center-of-mass frame.
For a longitudinally polarized charged lepton beam and
an unpolarized target, if the longitudinal polarization of
the incoming lepton beam is PB , the struck quark ac-
quires a polarization Pq = PBD(y) directed along its
momentum. The D(y), whose explicit expression is
D(y) =
1− (1− y)2
1 + (1− y)2
, (3)
is the longitudinal depolarization factor taking into ac-
count the loss of polarization of the virtual photon as
compared to that of the lepton. The PBD(y) distribution
can be determined by subtraction of the averaged distri-
bution of the sideband events from the distribution of the
events in the signal region according to the COMPASS
experiment [22]. The spin transfer describes the prob-
ability that the polarization of the struck quark along
the primary quantization axis L is transferred to the Λ
hyperon along the secondary quantization axis L
′
. The
longitudinal spin transfer relates the produced Λ polar-
ization P
′
L to the polarization of incoming lepton beam
PB by [27]
PL′ = PBD(y)A
Λ
LL′
, (4)
where AΛ
LL′
is the longitudinal spin transfer. In the
COMPASS experiment, both the L and L
′
are chosen
along the virtual photon momentum [22], thus we can
omit the subscripts.
In this paper, we preserve all the variables appearing
in Eq. (2), trying to give a proper longitudinal spin trans-
fer form. After removing the depolarization factor D(y)
from the asymmetry cross section, the longitudinal spin
transfer is obtained as
A(x, z) =
∫
dy SxQ4
∑
a e
2
afa(x,Q
2)∆Da(z,Q
2)∫
dy SxQ4
∑
a e
2
afa(x,Q
2)Da(z,Q2)
. (5)
After integrating the numerator and denominator on y
and x (or z) sequentially, we can obtain the longitudinal
spin transfer on various kinematical variables.
When we discuss the contributions of Λ hyperons pro-
duced from the intermediate heavier hyperon decays in
SIDIS process, it is common to think that the struck
quark first fragments to various hadrons, and then some
hadrons decay to Λ according to the branching ratios that
the intermediate hyperons decay to Λ. The probabili-
ties that the struck quark fragments to various hadrons
(Λ,Σ0, Σ∗, etc.) are different considering the mass dif-
ference of these hadrons, and this effect should be taken
into account when we calculate the contributions of the
intermediate heavier hyperon decaying process according
to their branching ratios. However, the probabilities that
the struck quark fragments to various hadrons in the Λ
production process are unknown to us.
In our calculation, the normalization of the fragmenta-
tion functions used in Eq. (5) is chosen as
∫
dzDha(z)/z =
1 for each hadron h, for the convenience to use the re-
lation between the fragmentation functions and distri-
bution functions in our discussion later. However, the
real defined fragmentation functions Dha (z) are normal-
ized as
∑
h
∫
dzzDha(z) = 1. Considering this difference
between these two normalizations of the fragmentation
functions, there should be factors in front of the frag-
mentation functions we used to reflect the probabilities
that the quark fragments to various hadrons. We notice
that this factor in front of the total quark to Λ fragmenta-
tion function makes no difference to our calculation since
fragmentation functions appear both in the numerator
and denominator in Eq. (5).
3The Monte Carlo calculation is used to obtain the ra-
tios of the final Λ hyperons produced from different chan-
nels including the direct quark fragmentation process and
the intermediate hyperon decaying process. Because the
probabilities that the struck quark fragments to various
hadrons are already included in these ratios, it is feasible
to multiplying these ratios to our calculated fragmenta-
tion functions.
A Monte Carlo calculation using the LEPTO generator
indicates that only about 40%−50% of Λ’s are produced
directly, 30%−40% originate from Σ∗(1385) decay and
about 20% are decay products of the Σ0. The COM-
PASS collaboration measured the relative weights of the
Σ∗ and the Ξ hyperon decaying to the Λπ. The results
are about 20% smaller than those of the Monte Carlo
calculation [28].
For the semi-inclusive µp → µΛX process, when the
intermediate decay process effects are considered, the
helicity-dependent fragmentation function ∆Da(z,Q2)
and the unpolarized fragmentation function Da(z,Q2) of
the Λ hyperon can be reasonably written as
∆DqΛ(z,Q
2) = a1∆DqΛ(z,Q
2) + a2∆D
q
Σ0(z
′, Q2)αΣ0Λ
+ a3∆D
q
Σ∗(z
′, Q2)αΣ∗Λ
+ a4∆D
q
Ξ(z
′, Q2)αΞΛ, (6)
and
D
q(q¯)
Λ (z,Q
2) = a1Dq(q¯)Λ(z,Q
2) + a2D
q(q¯)
Σ0 (z
′, Q2)
+ a3D
q(q¯)
Σ∗ (z
′, Q2) + a4D
q(q¯)
Ξ (z
′, Q2),(7)
where q¯ flavors are assumed to be unpolarized in this
process.
As for the µp → µΛ¯X , we just change the particles
into their antiparticles in Eqs. (6) and (7), and the same
consideration should be kept in the following discussions.
The a’s are weight coefficients which indicate the ra-
tios of contribution from different decay channels. Their
values are adjusted as
a1 = 0.4, a2 = 0.2, a3 = 0.3, a4 = 0.1, (8)
based on the spirit of the Monte Carlo predictions [26].
In the specific calculation, the weight coefficients of the
Σ∗ hyperon are divided by three types of particles, that
are Σ+(1385), Σ0(1385) and Σ−(1385), while each type
has two positively polarized spin states, i.e., (3/2, 3/2)
and (3/2, 1/2). So the contribution to the spin transfer
from the Σ∗ is actually a mixture. To simplify this issue,
we take 10% for each branch as an average. The same
treatment is done to the Ξ hyperon, which contains the
contribution from the Ξ0 and Ξ−, and 5% is given to each
branch.
The α’s are decay parameters, representing the polar-
ization transfer from the decay hyperons to the Λ. In our
study, these parameters are set as
αΣ0Λ = −0.333, αΣ∗( 3
2
, 3
2
)Λ = 1.0,
αΣ∗( 3
2
, 1
2
)Λ = 0.333, αΞ0Λ = −0.406,
αΞ−Λ = −0.458. (9)
The values of αΣ0Λ, αΞ0Λ and αΞ−Λ are taken from
Refs. [29, 30], while αΣ∗Λ’s are estimated parameters
by us. The decay parameters of Σ∗ are given sepa-
rately for the two types of the positive spin states. The
choice of an αΣ∗( 3
2
, 3
2
)Λ = 1.0 is due to the facts that
the spin of Σ∗ (being 3/2) should be almost total pos-
itively correlated with Λ spin (being 1/2) in the de-
cay process corresponding to the (s, sz) = (3/2, 3/2)
components, and the choice of an αΣ∗( 3
2
, 1
2
)Λ = 0.333
is the calculated result from the (s, sz) = (3/2, 1/2)
components in the decay mode Σ∗ → Λπ, according to
the angular-momentum conservation law. In the decay
model Σ∗ → Λπ, if the spin angular momentum of Σ∗
is (s, sz) = (3/2, 1/2), and the spin angular momentums
of Λ and π are (s, sz) = (1/2,±1/2) and (s, sz) = (0, 0)
respectively, the orbital angular momentum between Λ
and π is (L,Lz) = (1,±1) or (L,Lz) = (1, 0). To obtain
the (s, sz) = (3/2, 1/2) component of Σ
∗, we should take
(L,Lz) = (1, 1) or (L,Lz) = (1, 0). From the Clebsch-
Gordan coefficients, we know that the probability of the
production of the (s, sz) = (1/2, 1/2) component of Λ is
2/3, and that the probability of the production of the
(s, sz) = (1/2,−1/2) component of Λ is 1/3. Thus we
get αΣ∗( 3
2
, 1
2
)Λ = 0.333.
In the intermediate decay process, i.e., q → Hi → Λ,
the longitudinal momentum fraction of the Λ hyperon
to the splitting quark q should be less than that of the
decay hyperon Hi to q. This can be inferred from the
momentum fraction z definition in the light-cone formal-
ism, z =
P−
Λ
q− , for the final detected Λ hyperon. This
effect is taken into account by redefining
P−
h
q− = 1.1 ∗
P−
Λ
q− ,
i.e., z′ = 1.1 ∗ z. The relation z′ = 1.1z we used is a very
rough estimate based on the energy-momentum conserva-
tion law and the mass relation of the particles appearing
in the intermediate hyperon decay process.
We then consider the Melosh-Wigner rotation effect in
the calculation of the parton densities [31–33], and ap-
ply the valence quark distribution functions calculated in
the light-cone SU(6) quark-spectator-diquark model [34]
to estimate the probability of a valence quark directly
fragmenting to a hadron. This can be realized through
the phenomenology Gribov-Lipatov relation [35–38],
Dhq (z)∼zqh(z), (10)
where the fragmentation function Dhq (z) indicates a
quark q splitting into a hadron h with longitudinal mo-
mentum fraction z, and the distribution function qh(z)
presents the probability of finding the same quark q car-
rying longitudinal momentum fraction x = z inside the
same hadron h. Although the Gribov-Lipatov relation is
only known to be valid near the z → 1 and on a certain
energy scale Q20 in the leading order approximation, it is
interesting to note that such a relation provides successful
descriptions of the available Λ polarization data in several
processes [9, 24, 39], based on quark distribution of the
Λ in the quark-diquark model and in the pQCD based
4counting rule analysis. Thus we can consider Eq. (10)
as a phenomenological ansatz to parameterize the quark
to Λ fragmentation functions, and then check the validity
and reasonableness of this method by comparing the the-
oretical predictions with the experimental observations.
The main idea of the light-cone SU(6) quark-spectator-
diquark model is to start from the naive SU(6) wave func-
tion of the hadron and then if any one of the quarks is
probed, reorganize the other two quarks in terms of two
quark wave functions with spins 0 or 1 (scalar and vector
diquarks), i.e., the diquark serves as an effective particle
which is called the spectator.
The unpolarized quark distribution for a quark with
flavor q inside a hadron h is expressed as
q(x) = cSq aS(x) + c
V
q aV (x), (11)
where cSq and c
V
q are the weight coefficients determined by
the SU(6) wave function, and aD(x) (D = S for scalar
spectator or V for axial vector spectator) denotes the
amplitude for quark q to be scattered while the spectator
is in the diquark state D, when expressed in terms of
the light-cone momentum space wave function ϕ(x,k⊥),
reads
aD(x) ∝
∫ [
d2k⊥
]
|ϕ(x,k⊥)|
2 (D = S or V ), (12)
and the normalization satisfies
∫ 1
0
dxaD(x) = 3. To ob-
tain a practical formalism of aD(x), the Brodsky-Huang-
Lepage prescription [40] of the light-cone momentum
space wave function for the quark-diquark is employed
ϕ(x,k⊥) = AD exp
{
−
1
8α2D
[
m2q + k
2
⊥
x
+
m2D + k
2
⊥
1− x
]}
,
(13)
with the parameter αD = 330 MeV. Other parameters in
this model such as the quark mass mq, vector (scalar) di-
quark massmD (D = S, V ) for the octet baryons are just
simply estimated from the masses of the baryons. For u
and d quarks, we take mq ∼ mN/3. The masses of the
scalar and vector diquarks should be different taking into
account the spin force from color magnetism or alterna-
tively from instantons [41]. QCD color-magnetic effects
lift the mass degeneracy between hadrons that differ only
in the orientation of quark spins, such as N and ∆. The
interaction is repulsive if the spins are parallel, so that
a pair of quarks in a spin-1 state (vector) has higher en-
ergy than a pair of quarks in a spin-0 state (scalar). The
energy shift between scalar and vector diquarks produces
the N -∆ mass splitting. We take mS = 600 MeV and
mV = 800 MeV for the scalar and vector diquarks to ex-
plain the N -∆ mass different [42]. To obtain the mass of
scalar and vector diquarks containing one strange quark,
we use the phenomenological fact that the strange quark
adds about 150 MeV. Thus we get mS = 750 MeV and
mV = 950 MeV for scalar and vector diquarks containing
one strange quark; mS = 900 MeV and mV = 1100 MeV
for scalar and vector diquarks containing two strange
quarks. The free parameters are reduced to only a few
numbers, which can be referred to in Table I.
Table 1 The quark distribution functions of octet baryons in the light-cone SU(6) quark-diquark model [39]
5Baryon q ∆q mq (MeV) mV (MeV) mS (MeV)
p u 1
6
aV +
1
2
aS ∆u −
1
18
a˜V +
1
2
a˜S 330 800 600
(uud) d 1
3
aV ∆d −
1
9
a˜V 330 800 600
n u 1
3
aV ∆u −
1
9
a˜V 330 800 600
(udd) d 1
6
aV +
1
2
aS ∆d −
1
18
a˜V +
1
2
a˜S 330 800 600
Σ+ u 1
6
aV +
1
2
aS ∆u −
1
18
a˜V +
1
2
a˜S 330 950 750
(uus) s 1
3
aV ∆s −
1
9
a˜V 480 800 600
Σ0 u 1
12
aV +
1
4
aS ∆u −
1
36
a˜V +
1
4
a˜S 330 950 750
(uds) d 1
12
aV +
1
4
aS ∆d −
1
36
a˜V +
1
4
a˜S 330 950 750
s 1
3
aV ∆s −
1
9
a˜V 480 800 600
Σ− d 1
6
aV +
1
2
aS ∆d −
1
18
a˜V +
1
2
a˜S 330 950 750
(dds) s 1
3
aV ∆s −
1
9
a˜V 480 800 600
Λ0 u 1
4
aV +
1
12
aS ∆u −
1
12
a˜V +
1
12
a˜S 330 950 750
(uds) d 1
4
aV +
1
12
aS ∆d −
1
12
a˜V +
1
12
a˜S 330 950 750
s 1
3
aS ∆s
1
3
a˜S 480 800 600
Ξ− d 1
3
aV ∆d −
1
9
a˜V 330 1100 900
(dss) s 1
6
aV +
1
2
aS ∆s −
1
18
a˜V +
1
2
a˜S 480 950 750
Ξ0 u 1
3
aV ∆u −
1
9
a˜V 330 1100 900
(uss) s 1
6
aV +
1
2
aS ∆s −
1
18
a˜V +
1
2
a˜S 480 950 750
The polarized quark distributions are obtained by in-
troducing the Melosh-Wigner correction factor [32, 33]
∆q(x) = c˜Sq a˜S(x) + c˜
V
q a˜V (x), (14)
where the coefficients c˜Sq and c˜
V
q are also determined by
the SU(6) quark-diquark wave function, and a˜D(x) is ex-
pressed as
a˜D(x) =
∫ [
d2k⊥
]
WD(x,k⊥)|ϕ(x,k⊥)|
2 (D = S or V ),
(15)
where
WD(x,k⊥) =
(k+ +mq)
2 − k2⊥
(k+ +mq)2 + k2⊥
, (16)
with k+ = xM and M2 =
m2q+k
2
⊥
x +
m2D+k
2
⊥
1−x . The
weight coefficients are also listed in Table I. In this
model, though the mass difference between different
quarks and diquarks breaks the SU(3) symmetry explic-
itly, the SU(3) symmetry between the octet baryons is in
principle maintained in formalism.
Based on the same consideration, we give the distri-
bution functions for the Σ∗ hyperon, which in the naive
quark model is a member of the SU(3) decuplet with the
total spin of 3/2. Here, we try to use the same param-
eters to estimate both the helicity and quark distribu-
tion functions in the light-cone SU(6) quark-spectator-
diquark model based on the following reasons: (1) the
mass of Σ∗ (which is about 1385 MeV) is similar to
that of Ξ− (which is about 1321 MeV), so we can use
the same effective quark mass parameters; (2) the total
quark orbital angular momentum of Σ∗ is 0, so to form a
spin 3/2 particle, the diquark can only be in the vector
state. The specific helicity-dependent and unpolarized
quark distribution functions for the Σ∗’s in the quark-
spectator-diquark model are shown in Table II.
Table 2 The quark distribution functions of Σ(1385)’s in the light-cone SU(6) quark-diquark model
Baryon q ∆q (3/2,3/2) (3/2,1/2) mq (MeV) mV (MeV)
Σ+(1385) u 2
3
aV ∆u
2
3
a˜V
2
9
a˜V 330 950
(uus) s 1
3
aV ∆s
1
3
a˜V
1
9
a˜V 480 800
Σ0(1385) u 1
3
aV ∆u
1
3
a˜V
1
9
a˜V 330 950
(uds) d 1
3
aV ∆d
1
3
a˜V
1
9
a˜V 330 950
s 1
3
aV ∆s
1
3
a˜V
1
9
a˜V 480 800
Σ−(1385) d 2
3
aV ∆d
2
3
a˜V
1
9
a˜V 330 950
(dds) s 1
3
aV ∆s
1
3
a˜V
1
9
a˜V 480 800
6III. THE INPUTS OF THE NUCLEON FFS AND
PDFS IN THE LONGITUDINAL SPIN
TRANSFER CALCULATIONS
We know that in the naive quark model, there is an
SU(3) flavor symmetry relation between octet baryons.
We consider the antiquark distribution inside the octet
baryons in the same way. To compare with the experi-
mental data, the CTEQ5 parametrization (ctq5l) for pro-
ton [25] is used as an input:
upv(x) = u
ctq
v (x),
dΛv (x) = u
Λ
v (x) =
uΛ,thv (x)
up,thv (x)
∗ uctqv (x),
sΛv (x) =
sΛ,thv (x)
up,thv (x)
∗ uctqv (x),
∆dΛv (x) = ∆u
Λ
v (x) =
∆uΛ,thv (x)
up,thv (x)
∗ uctqv (x),
∆sΛv (x) =
∆sΛ,thv (x)
up,thv (x)
∗ uctqv (x),
dΛs (x) = u
Λ
s (x) = u
Λ(x) =
1
2
(uctq(x) + d
ctq
(x)),
sΛs (x) = s
Λ(x) = d
ctq
(x), (17)
where the uctqv (x) means the PDF for the valence u quark
inside the proton from the CTEQ5L parametrization,
and the uΛ,thv (x) is the PDF for the valence u quark in-
side the Λ given by the light-cone SU(6) quark-diquark
model, so as for the other flavors. For the other hyperons,
the same spirit is followed. Applying the Gribov-Lipatov
relation again, we can obtain the antiquark FFs to the
same hyperon.
So far, we have given all the FFs used in the calcula-
tion. In the following, we discuss the input of the nucleon
PDFs in the longitudinal spin transfer calculations.
In the baryon-meson fluctuation model [1], the nucleon
wave function is considered to be a fluctuating system
coupling to intermediate hadronic Fock states such as
noninteracting meson-baryon pairs and the coupling that
the proton to the virtual K+Λ state is figured out to
be of most importance in the production of the intrin-
sic strange and antistrange asymmetric sea. In this pic-
ture, the momentum distribution of the intrinsic s and
s¯ quarks can be modeled in a two-level convolution for-
mula:
sth(x) =
∫ 1
x
dy
y
fΛ/K+Λ(y)qs/Λ
(
x
y
)
,
s¯th(x) =
∫ 1
x
dy
y
fK+/K+Λ(y)qs¯/K+
(
x
y
)
, (18)
where fΛ/K+Λ(y), fK+/K+Λ(y) are probabilities to find
Λ, K+ in the K+Λ state with longitudinal momen-
tum fraction y, qs/Λ(
x
y ), qs¯/K+(
x
y ) are probabilities to
find q, q¯ in the Λ, K+ states with longitudinal mo-
mentum fraction xy and these quantities can be cal-
culated by adopting the two-body wave functions for
p = K+Λ, K+ = us¯, Λ = s(ud). The Gaussian-type
two-body wave function is
ψGaussian(M
2) = AGaussianexp(−
M
2
8α2
), (19)
where M2 =
∑2
i=1(k
2
⊥i +m
2
i )/xi is the invariant mass of
theK+Λ, us¯ or s(ud) two-body states, and α = 330 MeV
is the scaling parameter.
As is pointed out that, the fluctuation model can give
the intrinsic strange sea asymmetry, which can partly
explain some important experimental phenomena, such
as the strange magnetic momentum and the NuTeV
anomaly etc. [5, 6, 9, 10, 13]. However, its predictions
do not take into account QCD evolution effects. We also
know that the CTEQ5L parametrization for the s and s¯
are flavor blind and the result is in fact an average. In
our study, we keep the asymmetry property given by the
fluctuation model while in order to reflect the evolution
effects a reasonable form of the nucleon strange sea input
is given as
sp(x) =
2sth(x)
sth(x) + s¯th(x)
sctq(x),
s¯p(x) =
2s¯th(x)
sth(x) + s¯th(x)
sctq(x). (20)
As for other flavors, such as u, d, u¯ etc., the inputs
are directly from the CTEQ5L parametrization.
IV. RESULTS AND DISCUSSION
We examine the longitudinal spin transfer on the x and
the Feynman x
F
variable dependences. The calculation
of the x
F
dependent spin transfer in our formula should
be done through a kinematical transformation to relate
to the x, y and z variables.
We give the exact relationship as (see the Appendix)
x
F
=
Syz
M [M2 + Sy(1− x)]
[(
M +
Sy
2M
)
×
√
1− [4M2(M2h + P
2
h⊥)]
(Syz)2
−
√
S2y2
4M2
+ Sxy
]
.
(21)
As is known, the factorization of the scattering cross
section in our discussion is given in an ideal condition,
that is Q2 →∞, Ph⊥ ∝ OM . In this condition, the Ph⊥
can be neglected in Eq. (A6). However, the experimen-
tal data are in fact experimental condition affected, so
our calculation should not be performed in an ideal way.
We try to give some nonzero value for the Ph⊥ valuable
(several GeV, of order M) and find that the nonzero in-
put of the Ph⊥ may affect the constraints between the
7x
F
, x, y and z kinematical variables. The contour plots
of these variables are given in Fig. 1 in the COMPASS
experiment condition, where S = 320 GeV2. We can see
from the figures that with the increase of the Ph⊥, and
the increase of the x variable, at the same x
F
numerical
point, the region of the z variable is significantly right
shifted.
We then discuss the longitudinal spin transfer differ-
ence given by the COMPASS collaboration in two steps.
In the first step, we first set Ph⊥ = 0 and consider the
influence from the nucleon asymmetric strange sea input,
then on the asymmetric strange sea input basis, we give
two nonzero values to the Ph⊥ variable. In the second
step, we set the nucleon strange sea symmetric and see
the influence from the nonzero Ph⊥ variable. All these
discussions are performed under the COMPASS exper-
imental cuts 1 GeV2 < Q2 < 50 GeV2, 0.005 < x <
0.65, 0.2 < y < 0.9, 0.05 < x
F
< 0.5 and by the integra-
tion of equations
AΛ(x) =
∫
dydz SxQ4
∑
q e
2
qfq(x,Q
2)∆DqΛ(z,Q
2)∫
dydz SxQ4
∑
q[e
2
qfq(x,Q
2)DqΛ(z,Q
2) + (q → q¯)]
,
(22)
and
AΛ¯(x) =
∫
dydz SxQ4
∑
q¯ e
2
q¯fq¯(x,Q
2)∆Dq¯
Λ¯
(z,Q2)∫
dydz SxQ4
∑
q[e
2
qfq(x,Q
2)Dq
Λ¯
(z,Q2) + (q → q¯)]
.
(23)
Equations (6) to (10), (17) to (20) as well as Tables I
and II are all used to do the specific integrations.
The integration results are shown in Figs. 2, 3, 4 and 5.
Among which, Figs. 2 and 3 are the first step calculation
results of the x and x
F
variable dependences. Figure 2(a)
shows the result from the integration without consider-
ing the asymmetric sea effect or the nonzero Ph⊥ effect,
while in Figs. 2(b), the asymmetric sea effect expressed
in Eq. (20) is taken into account. Figures 2(c) and 2(d)
are results by considering both the asymmetric sea effect
and the nonzero Ph⊥ effect. As is shown, the input of the
asymmetric sea effect gives more proper trend to the spin
transfer difference than the pure integration one. Then
after considering nonzero Ph⊥ values, the difference be-
tween the spin transfers of Λ and Λ¯ get enlarged with an
increasing Ph⊥. At the condition of Ph⊥ = 3.0 GeV, the
result we get is qualitatively comparable with the differ-
ence of the experimental data. Compared with the ex-
perimental squared center of mass energy S = 320 GeV2,
the value of the Ph⊥ is in a reasonable region. The sim-
ilar situation appears in the x
F
-dependent spin transfer
calculations, and we show the results in Figs. 3 and 5.
Combing the first step calculation results with the
x, y and z variable constraints, we can suppose that on
the asymmetric strange sea input basis, the enlarged dif-
ference between the Λ and Λ¯ longitudinal spin transfers
with the increased input value of Ph⊥ is in fact from the
right shifting z responsible region.
Figures 4 and 5 show the second step calculation re-
sult. It is obvious that without the asymmetric nucleon
strange sea input, the influence to the spin transfer dif-
ference from the nonzero Ph⊥ is non-neglected but still
too small.
Comparing these two step discussions, we can reason-
ably speculate that the large z region is more sensitive to
the asymmetric nucleon strange sea input, and this sen-
sitivity can give better explanations to the experimental
data. So we suggest new and precise experimental mea-
surement of the Λ and Λ¯ production in the large z region
to give more precise examination of the existence of the
nucleon strange sea asymmetry.
V. SUMMARY
In summary, we studied the quark to the Λ and Λ¯
fragmentation properties in the current-fragmentation re-
gion by taking various fragmentation processes into ac-
count. These processes include the intermediate decay
process and the antiquark fragmentation process, while
the strange sea asymmetry in the nucleon is also taken
into account. The calculation in the light-cone quark-
diquark model shows that the strange sea ss¯ asymme-
try gives proper trend to the difference between the Λ
and Λ¯ longitudinal spin transfers. While considering the
nonzero final hadron transverse momentum, our calcula-
tion results can explain the COMPASS data reasonably.
We interpret the nonzero final hadron transverse momen-
tum as a natural constraint to the final hadron z range
where the longitudinal spin transfer is more sensitive to
the strange sea asymmetry. We suggest new and precise
experimental measurement of the Λ and Λ¯ production in
the large z region to make more precise examination on
the nucleon strange sea distributions.
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Appendix A
Let us first define two Sudakov vectors p and n in the
light-cone form as
pµ = (Λ, 0,0⊥), n
µ = (0,Λ−,0⊥), (A1)
where Λ is arbitrary.
Then the nucleon 4-momentum P and the virtual pho-
ton 4-momentum q in the ”γ∗N collinear frames” can be
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FIG. 1: The results of the x
F
on the y and z kinematical variable
dependences. The plot region of the x
F
variable is 0.05 ∼ 0.50.
The subfigures are a series of results with different x and Ph⊥
values.
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FIG. 2: The results of the x-dependent longitudinal spin transfer
in the polarized charged lepton DIS process for the Λ and Λ¯
hyperons. Inputs of the proton strange sea asymmetry and the
Ph⊥ nonzero values are considered step by step as shown in the
subfigures. The data are taken from COMPASS [22].
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FIG. 3: The results of the x
F
-dependent longitudinal spin
transfer in the polarized charged lepton DIS process for the Λ and
Λ¯ hyperons. Inputs of the proton strange sea asymmetry and the
Ph⊥ nonzero values are considered step by step as shown in the
subfigures. The data are taken from COMPASS [22].
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FIG. 4: The results of the x-dependent longitudinal spin transfer
in the polarized charged lepton DIS process for the Λ and Λ¯
hyperons. The input of the proton strange sea is symmetry but
the Ph⊥ is nonzero. The data are taken from COMPASS [22].
represented in the form of the Sudakov vectors as
Pµ = pµ +
1
2
M2nµ,
qµ =
Q2
2M2x
(
1−
√
1 +
4M2x2
Q2
)
pµ
+
Q2
4x
(
1 +
√
1 +
4M2x2
Q2
)
qµ, (A2)
where M is the invariant mass of the nucleon, x is the
Bjoken variable and Q2 is defined as Q2 = −q2.
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FIG. 5: The results of the x
F
-dependent longitudinal spin
transfer in the polarized charged lepton DIS process for the Λ and
Λ¯ hyperons. The input of the proton strange sea is symmetry but
the Ph⊥ is nonzero. The data are taken from COMPASS [22].
We write the 4-momentum of the final hadron Ph in
the γ∗N collinear frame as
Pµh = ap
µ + bnµ + Pµh⊥, (A3)
where Ph⊥ is the transverse vector of the final hadron
which is perpendicular to the pµ and nµ plat.
The Lorentz invariant variable z is defined as z = P ·
Ph/P ·q and for the final hadron it obeys P
2
h =M
2
h, where
Mh is the final hadron invariant mass. Using these two
constraints, we can get the values of a and b. With two
variables,
R =
√
1 +
2M2x
P · q
,
R
′
=
√
1−
M2(M2h + P
2
h⊥)
z2(P · q)2
, (A4)
Ph can be written as
Pµh =
zP · q
M2
(
1−
R
′
R
)
Pµ + z
R
′
R
qµ + Pµh⊥. (A5)
Then the Feynman variable x
F
can be obtained as
x
F
=
Syz
M [M2 + Sy(1− x)]
[(
M +
Sy
2M
)
×
√
1− [4M2(M2h + P
2
h⊥)]
(Syz)2
−
√
S2y2
4M2
+ Sxy
]
.
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